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(57) Abstract: Disclosed are taxane-based compositions and methods of using the same to achieve taxget blood levels of a taxane in 
^ a mammal, e.g.. to treat taxane-responsive malignant and non-malignant diseases. Compositions of the imrention exhibit long-term 
^ stability and overall palatability. Also disclosed are methods for using the compositions as analytical tools for pharmacokinetic 
^ studies. 
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TAXANE-BASED COMTOSfflONS AND MEfflODS OF USE 

.ppuc^ion Oains pdort„ «.*r 35 U.S.C SU9(e) V.^ S^ ^^ 
App„I:N:6»,m,803,.WM..h«.2«».««-.n.^*h«.h«e^..co.P»»- 

5 by reference. 

^^^^^ „ ^, » — 

Tl. ,.«.aoo fUto «. C-PO^IO"* «.d m.*«is of «s,ng *e same, .o »h»v. »g. 

employing such compositions. 

5«5l-3n-323 (1996) and Sweeuna « PDA Pharm. Sci. 50(«.330.342 (!■«<.) 

p.„,„ soluble dm^ l-ave ^ ^^^^ * ~ cons.to«e^ca, ^ 

^ ' „Loglca.d,ac„mfo„.«d.»--'oc.i™ma,.awdl.saad,«o-cco.o»ccos»,. 

pacuuxel lcl,a«no,no™allybio,v«,.bl..he..*.ini«-*-y- Wa««^.J.A«. 

ChOT. Soc., 93.2325 (1971) tea i^^rfia). Alftough *. 

.naturaUiBipeneprol»cli»l«wlft«°'^'*"'"='*"'' u„ „,,, been 

eluclda^d. seve^I ^udles, sucl. as 1>«e of Schlff « <^., P»c. NaO. Acad. Sc ^'^J^'^ 

I ! bL 0» N.«nniBal 31 «:ias of *e beu-mbulin «bu», in *. nncoMbnle (see 
«p.c,C »b»d .te N J ^ 332(15):.004-.014 



wo 01/72299 



PCTAJSOl/09382 



rendering them extraordinarily stable and dysfunctional, thereby causing cell death by disrupting 
normal dynamics required during cell division and vital interphase processes. 

The scientific literature is replete of papers reporting the efficacy of paclitaxel in the 
treatment of a variety of unrelated conditions. See for example, Einzig et al, Proc. Am. Soc. 
5 Clin. Oncol., 20:46 (1996) for lung cancer and head and neck carcinomas; Forastire et al„ Sem. 
Oncol., 20:56 (1990) for neoplasms in the skin; Chang et al,. Cancer 77f7;.14-18 (1996) for 
gastric cancer); Woo et al. Nature, 368:150 (1994) for polycystic kidney disease; and Pouvelle et 
al, J. Clin. Invest 44'A\2A\1 (1994) for malaria. 

Paclitaxel and docetaxel have been approved for clinical use in the treatment of several, 

10 unrelated conditions. Markman et al, Yale J. of Bio. & Med., 64:583 (1991), and McGuire, et 
al, Ann. Intern. Med. 111:213 (1989) disclose the use of paclitaxel for refractory ovarian cancer 
in the United States; Mavrodius et al, ASCO i8:254a (1999) describes the use of docetaxel for 
gastric cancer. Holmes et ai, J. Nat. Cancer Inst., 83:1191 (1991) discloses the use of paclitaxel 
for chemotherapy for several types of neoplasms including breast cancer (see also Taxol 

15 (paclitaxel) Mead Johnson Oncology Products package insert); Fencel et a/., ASCO /S:283a 
(1999) teaches the use of paclitaxel and docetaxel for esophageal cancer; Vanhoefer etaL, ASCO 
78:303a (1999) describes phase 11 studies using docetaxel in metastatic gastric cancer; Kourossis 
et al., ASCO 77:266(a) (1998) teaches the use of docetaxel as salvage chemotherapy for advanced 
gastric cancer; Xiao et al., ASCO i7:306(a) (1998) assessing new paclitaxel treatment regimens 

20 in patients with esophageal carcinoma who had been previously treated with paclitaxel; Schultz et 
al., reporting phase n trials of docetaxel in patients with hormone refractory prostate cancer; 
Ajani et al, J. Nat. Cancer Inst., 86:1086-1091 (1994), and Kelsen et al. Seminars in Oncology 
27:44-48 (1994) describe paclitaxel regimens for squamous cell carcinoma and adenocarcinoma 
as well as epidermoid cancer of the esophagus. 

25 Thus far, efforts have been directed to the development of (i) suitable injection and 

infusion taxane formulations and (ii) to more water-soluble taxane analogs, derivatives and 
prodrugs. Thus, most paclitaxel formulations for IV infusion have been developed utilizing 
polyedioxylated castor oil, commercially available as CREMOPHOR EL™, as the drug carrier. 
Polyethoxylated castor oil however, is itself toxic, produces vasodilation, labored breathing, 

30 lethargy, hypotension and death in dogs it is also suspected to cause allergic-type reactions when 
administered intravenously. 
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of .axanes. Hence, forex..^ -Modified T»o.sW;S,.a>»is»-ttologM-««^«^^^^^ 
Modified 1. a» .de ch..-. M.^ N^.-. Kl..«o. DO. P>od .m 5, m -e.^ 
deHva-l^ed p,cll«e. ..^.o^ .» wMch 6e r and/« 7-posMon Is den«.»d 
„o.,d -ter sol«bill„. H*- effom have yielded p»d™g compounds *a. a« n,« 

«„„^„bl. d™. d. P»e« compc-H. and d«, display d„ C»u»ic p«>penies upon .«,vauo. 
on. i.^.,«».p<.fs«hpr.-n.gsWudesd«2^c™»« sails otpacliuxelanddo^^^ 

Nlfolao. « «... A.»e„. »n. In. E„* i«583-15S7 (19«),. P™'"'"'^^^ - 
n^ylpyddininm n^ayl-e «d» '» P""'^"" ""'7- 

, Mness 1. T,^ science AppUc^. CRC P«ss (1»5, s,a«s *a. .0 da« none ^ 
p„g,«sed u. elinical eval.«lo. b«.»»e of n»rgM ta.P«>.e«e„u In solubility. sub,l,„ 
problems and low tegpneration rates. „, 
ft«*»ic.l sn^es sugges^d «». pacliu^el alone is absod»d after onl 
Wdle « .1., D^g M«abo. Disp. 2W:343-34« (1998). ^poned iba, U.0I is no. al»ort»d ^ 
, ^ ad—^o. and low -1 bioavailabilily .0 ,be » — ^ 

rfflnxpomp. Sin»lady,Ei.«nan.««I..WNa«'.*/»P<». W»u<ra».(Sept 1992X 
™dS„««.sWi.r«»l'Scl.»..«nd.,p,«l»».CRCP.ss(.995,.eaebd..paeU«el.s 

^ pood, absorb^l when adn«nis«r«l «ally (less d,an 1%). Mo« speciCeally. Eisenun « ^. 
JL, ^ pacliuxel has a hioavail,bili.y of 0* npon o», ad™inis,.,ion. and 
„ ^d„,o.ldosi.gv,i-,pxli-eldidno,s.e.poss,b.e. 

been adn,inis»«d «»Uy .0 bnn,an paden.. Sindlarly, doc«.x.. "^'^ 
b.»yca,^nyl..0.deae«y, paclitaxel). sold nnde. d» dadema* TAXO^^ (R— 
Poulene-Ro,e,S./u)andadminis»edlnpa,entendfOnnt<>.d»««»e»ofb«.s.e«>e». 

Ue poo. bioavailabili., of paelimel .f«. onl adninisi-don ma, be asenbed B a 
« ^embrane-bound P.gly»p.o»in «Mch fin«do.s a. «. ene-gy^depcnden, ^ or .fn» 
™„,p, ,0 decease ininceUnla, accunndadon of dn.g b, exmrding »nobiodes die eell (s« 
rn»l»Sci.n..W^p«.«^.."(»«)- I.lsl.ypod.esizedd»thyp««dng™ove»=., 
dno'ngb .ncosa. cells of *e small in»sdne. d. P-g.ycop«».in P«ven« sys»n,ic abson«.on. A 
nnn-be, of lorown agents have bee. shown u, inbibi. P.glycop,o«in (.|.. cydospoon A. 
3. verapamil, nnnoxifen, ,«inidine and phenodda^n^,,. U,glcll,. effom. In=l»«»8 e""-- 

have bee. di«c«d «. sn,d, d« effec of cyclosporine 0. agenB taow. «> be ».b,«» 
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to multidrug resistance (MDR), such as paclitaxeL (Fisher, et al, Proc. Am. Soc. Clin. Oncol. 
73:143 1994); doxorubicin (Bartlett, et al, J. Clin. One. 72:835-842 (1994); and etoposide (Lum, 
et al.^ J. Clin. One. 70:1635-1642 (1992)). The intravenous administration of cyclosporine in 
conjunction with anti-cancer drugs has been shown to result in higher blood levels (presumably 

5 through reduced body clearance) and exhibited the expected toxicity at substantially lower dosage 
levels. For a general discussion of the pharmacologic implications for the clinical use of P- 
glycoprotein inhibitors, see Lum, et aly Drug Resist. Clin. One. HemaL 9:319-336 (1995); 
Schinkel, etal, Eur. J. Cancer i7A: 1295-1298 (1995). 

PCT publication WO 95/20980 (published August 10, 1995) (hereinafter ''Benef) 

10 purports to teach a method for increasing the bioavailability of orally administered hydrophobic 
pharmaceutical compounds. This method comprises the concurrent oral administration of a 
bioenhancer including an inhibitor of a cytochrome P450 3A enzyme or an inhibitor of P- 
glycoprotein-mediated membrane transport. Benet does not identify which bioavailability 
enhancing agent(s) improve the availability of specific target pharmaceutical compounds, nor 

15 does it teach specific dosage amounts, schedules or regimens for administration of the enhancing 
or target agents. The only combination disclosed is ketoconazole as the enhancer, and 
cyclosporin A as the target drug. 

Benet merely provides that bioenhancers are hydrophobic compounds generally 
comprising two co-planar aromatic rings, a positively charged nitrogen group or a carbonyl group 

20 - a class that includes an unascertainable number of compounds, including several inoperable 
embodiments. Moreover, the classes of acdve agents disclosed by Benet include the great 
majority of pharmaceutical agents listed in the Physicians* Desk Reference and thus, are of no 
value to medical practitioners seeking safe, practical and effective methods of orally 
administering specific agents. Finally, Benet provides no teaching that could be followed by one 

25 of skill to identify suitable bioenhancer/active drug combinations or to design therapeutically 
effective oral modalities. 

PCT publication no. WO. 98/30205 (published July 16, 1998) (hereinafter ''Quay') 
allegedly discloses a method for increasing the bioavailability of poorly soluble drugs. The 
application discloses an emulsion of alpha-tocopherol including a surfactant. Also included is 

30 PEGylated Vitamin E. PEGylated alpha-tocopherol includes polyethylene glycol subunits 
attached by a succinic acid diester at the ring hydroxyl of Vitamin E. AIpha*tocopherol allegedly 
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Noabl,. ftis «f«»=. is ^P^sdy 'i"*-" » ft™-*"^ *" ' 
essentially ethanol-free. 

commonly-owned PCT publication no. WO 97/15269 discloses novel methods and 
compositions to make bioavaUable target agents including taxanes othenvi« displaying poor oral 
bioavailability by oral co-administradonofabioavailability-e^^^^^^^ 

„»ains a need to develop additional compositions and effective methods suuable 
for the oral administration of taxanes. Such compositions should be capable of achieving t^get 
therapeutic bloodleveU of taxane.Fbrobviouspractical reasons, such compositions shouldbe^^^ 

bioavailable.(ii)s«itable to maintain the taxane in solution, (iii) chemically 

periods of time and (iv) possess overall palatability while demonstrating long term stabxUty. 

cTTN/TMARY OFTHP. INVENTION . . , 

The present inventors have devised taxane-based compositions and meti^ods of usmg the 
same useful to achieve targetblood levels of the taxaneanamammal.T.e compositions e^^^^ 

long-term stabiUty and overall palatability. As exemplified herein, such approaches prov.de the 
„eans to achieve taxane blood levels comparable to ti,e levels achieved by less convement 
metiiodologies cur«ntiy available such as. for example. ti^erapeuticaUy effective mfiast^ 
modalities, m invention ti.us provides compositions and methods useful to improve the 
absorption of a taxane from the gastrointestinal tract into the bloodstieam and to provide tar^t 
„ blood levels, including ti.erapeutically effective blood levels, of such taxane in a mamm^. In 
some embodiments, the taxane blood levels achieved exceed those achieved by composmons 
disclosed in W097/15269. Moreover, the metiiods and compositions according to ti,e mvention 
areusefulasanalyticaltoolsforbiochemicalstudiesaswellastherapeutictools. 

Ir. a first aspect, ti»e invention provides pharmaceutical compositions demonstrating long- 
. tennstabilityar.doverallpalatability. Such compositions comprise a poorly soluble medicament. 
■ a carrier, a ccsolubilizer. and a stabilizer, m a more preferred embodiment of the mvention. the 
medicament is a taxane. Preferred embodiments of the invention may provide more Ui^ 
oftaxane,carrier.co-solubilizer.ors.abilizer. Some compositions of the invention further mclude 
additional components, such as for example surfactants, pharmaceutical excipients. d.luenu. 
30 sweeteners.flavoringagentsorcoloringagents.asdescribedinmoredetailherein.lnp 

p^ferred embodiments of the invention, the taxane is paclitaxel or docetaxel. Upon oral 
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administration in conjunction with an oral bioavailability-enhancing agent, some of the preferred 
compositions of the invention provide taxane blood levels comparable to blood levels achieved by 
intravenous injection. 

In a second aspect, the invention provides methods suitable to achieve therapeutically 
5 effective taxane blood levels in a mammal by the oral administration of the pharmaceutical 
compositions described. In particularly preferred embodiments, the methods of the invention, 
including the administration of a bioavailability enhancing agent, result in taxane blood levels 
which are comparable to those achieved by long term infusion such as 96-hours infusion shown to 
be therapeutically effective (e.g., for the treatment of advanced metastatic breast cancer as 

10 described in Wilson, et al„ J. Clin. Oncol. 72:1621-1629 (1994), and Seidman, et al, J. Clin. 
Oncol. 76:3353-3361 (1998). Pharmaceutical compositions and bioavailability enhancing agents 
useful according to this aspect are as described for the first aspect of the invention. 

In a third aspect, the invention provides a method to investigate the properties of 
diterpenoids. More specifically, the invention provides tools to investigate biochemical properties 

15 of taxane moieties in novel formulations capable of mediating large increases in solubility. Such 
studies will lead to a more comprehensive pharmacokinetic and pharmaceutical description of 
taxanes essential to identify novel applications and possibly to further optimize already existing 
therapeutic outcomes. 

A further aspect of the invention pertains to methods of treatment of a mammal suffering 
20 from a taxane-responsive disease by the oral administration of pharmaceutical compositions as 
described herein. In some embodiments, the pharmaceutical compositions of the invention are 
orally administered in conjunction with an oral bioavailability-enhancing agent to provide blood 
levels of the taxane which are comparable to the levels achieved by intravenous injection of the 
taxane. Pharmaceutical compositions and bioavailability enhancing agents useful according to 
25 this aspect are as described for the first aspect according to the invention. 
BRIEF DESCRIPTIGN OF THE DRAWINGS 

Figure 1 is a graphic representation showing the ability of compositions of the invention 
(PG/TPGS/ETOH and ascorbyl palmitaie (40:40:20) with (•) 12 mg/ml, (V) ISmg^ml, (■) 20 
mg/ml, (o) 25 mg/ml, and (▼) SO mg/ml paclitaxel), to remain in solution for a period of time > 
30 2hours in a reciprocal water*shaking bath. 
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pwe 2 is a graphic representation showing the average plasma concen^^-j; 

Figure 2 ts a grap . Ctemophor EL based formulation, and from 

paclitaxel from (•) 9 patients orally admimstered a Ctemop 
lo) 2 orally administered a composition of the pre«.nt mvenUon (PGAPOS/EIOH 
palmitate (40:40:20). 

«» ""^ "'7 " ^ „ ^,ne„, «gim.ns employmg «h 

Publishtag Co.. Eas«. PA (1990) and Rm«i«>'- The Sam:e ma 
U^c«.,wn,i«»SWiiBM0995»^ 

«gen...«ilteUk.to««<*»fcr™»»ma*mftef<.ll>>">'e« P 
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In a first aspect, the invention provides pharmaceutical compositions demonstrating long- 
term stability and overall palatability. Such compositions comprise a taxane, a carrier, a co- 
solubilizer, and a stabilizer. For purposes of the invention, the term "carrier" is used to denote a 
moiety that maintains (and in preferred embodiments improves) the aqueous solubility of the 
5 taxane in the pharmaceutical composition of the invention. Carriers according to the instant 
invention include without limitation moieties that may also function as co-solubilizers. The 
carriers of the invention are characterized by a core structure that may be either a straight chain 
polyether or a branched glycol (e.g., glycol) coupled with at least one fatty acid ester. Preferred 
carriers for use in the invention are non-ionic surfactants or emulsifiers having HLB values of at 

10 least about 10. It has been found that such non-ionic surfactants or emulsifiers are not only 
compatible carriers for the lipophilic taxanes (which are poorly soluble in water) but also promote 
absorption of the active ingredient from the gastrointestinal tract into the bloodstream. Only those 
members of these surfactant families that have HLB values of about 10 or greater may be used as 
carriers in the subject compositions. 

IS Representative non-limiting examples of carriers according to the invention include 

Vitamin E TPGS (d-alpha-tocopheryl polyethylene glycol 1000 succinate, available from Eastman 
Chemical Co., Kingsport, TN); saturated polyglycolyzed glycerides such as the GELUCIRE™and 
LABRASOL™ products (Gattefosse Corp., Westwood, NJ) which include glycerides of Cg - Cig 
fatty acids; CREMOPHOR~ EL or other modified castor oils including polyoxyethylated or 

20 hydrogenated castor oils such as EL-P or RH40 modified castor oils (available from BASF, M t. 
Olive, NJ); MYRJ™ polyoxyethylated stearate esters (sold by ICI Americas, Chariotte,.NC); 
TWEEN™ (ICI Americas) and CRILLET ™ (available from Croda Inc., Parsippany, NJ) 
polyoxyethylated sorbitan esters; BRU™ polyoxyethylated fatty ethers (ICI Americas); 
CROVOL™ modified (polyethylene glycol) almond and com oil glycerides, including. 

25 polyethylene glycol almond or com oil glycerides (Croda Inc., Edison, NJ); EMSORB™ sorbitan 
diisostearate esters (Henkel Corp., Ambler, PA); SOLUTOL™ polyoxyethylated hydroxystearates 
(BASF); and cyclodextrin. 

Preferred pharmaceutical compositions of the invention comprise at least 30% by weight 
of carrier. In particularly preferred embodiments, the carrier is present m an amount of from 

30 about 30 to about 90% of the composition by weight. In a particularly preferred embodiment, the 
pharmaceutical composition of the invention comprises about 40% by weight of Vitamin E TPGS. 
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^ fl„,ai„ of compcidoa. of i.ve«,on « bod, »n.p««u,c 8.»n.., ^f'' 

!:,.„,i«H..«-,o,^*.~>«^p»'-°''^"^"-^'»'°*-^:::t 

n di^^d 0. dispersed >. * v*. i. oo^ - 

^,1 os..ubi,i.»s ^ocnang » to i^. i.««ion i-l«* — 
may also provide increased taxane solubility. 

R^-aSvo .c-.iM»n8 ««.pi» of visc^i^-educiog co.so,ub,Uze. ,nc,u^ 

MIGLYOL- glycol o, p»py.e,» glycol ^ of c.p,ylic a»d capnc ao,ds (Huis AO. M.-, 
0^); pol,ox,«h,ta«d h,d,o.ys« including sKao^l o, oleyl (^g^ 
m 15, O.ASF. M,. O... Nn. WEEN- p„lyoxy«l,yla,ed sorb^ c««s fla 
WiW™«, DE); SOmOEN- polyethylene glycol .s»,s of cp^lic and cpnc^^ 0^ 
irii « Oils including p„lyoxyed.yl.«d o, hydrogen^ c«. 0.. (- . 

CREMOPHOR" EL, EP-P o, RH 40) (BASF. M,. Olive. W. «ge»ble oils such .s o.,v. «l, 
rto.yed.yU<edfa,c,ed««c.n.o^fiedcas»oils.,cenaiu..».««dpd,glyco.,^^^^ 

aiding ^yceddes 0, C. - C. fa.y acids (such as a I^RASOL"). '^^Z 
, l.,lciI.«ed,y,c,»«andace«l^ed,,lci,„».p,cpyle«g.yco..-o«eo,™co^na.« 

:rPHARMASOLVE-, e.banol (p^fe^ly d.h,d»,ed «l».ol,. w.«r. and lo«« «^ 
wei^, polyc-bylene glycols sucb as PEG 20O. 300 and 400. I. a pa«.--y 

c^^pHses p^ylene glycol and ed^. Up » 90* of d. "^ ^^Z 
, ^ ^ ccsombilizer. In ^ en*cdi«».» of *. mvendon. fto™ ' '""^ 
^^gbHsco-solubUIze,. ,np«.^en*odi.-n.ofd»in»ndo„.0»co-solub,l,»,,sp,c^ 
J of *o„ abou, 20 «. abo^ b, w*.. Acco^ngly, P»fen»i phannaceu^ 

^idons n»y co.pH« f^ .boa. .0* » abo.. 70* b, »ei^. of propyle. g ,c* 
p^y,»o«abou,20»abo».60*b,».igh.of,^le»glycol..napa«-aHyp»f.^^ 

3. Lbodil.d»,*a™ac««ic..con^onofd«i..endonco^s.sabou.4«»^ 

propylene glycol. 
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In a particularly preferred embodiment, the pharmaceutieal composition of the invention 
comprises from about 5 to about 50% by weight of ethanol, more preferably from about 10 to 
about 30% weight of ethanol. In most preferred embodiments, the pharmaceutical composition of 
the invention comprises about 20% by weight of ethanol. 
5 Several materials identified as carriers have a!so been found to be effective co-solubilizers, 

either alone or in combination with other viscosity-reducing agents, or certain other carriers. In 
general, any solvent in which paclitaxel or other taxanes are at least moderately soluble at body 
temperature or with gentle heating can be used as a co-solubilizer in the vehicle of the novel 
compositions. Preferred co-solubilizers are those in which at least 25 mg/ml of paclitaxel or other 

10 taxane can be dissolved at about 20-25°C. Some embodiments of the invention comprise more 
than one co-solubilizer. In some preferred embodiments, the compositions of the invention 
include at least two solubilizers. 

The term "stabilizer" as used herein denotes a moiety that increases the stability of a 
taxane. Stabilizers according to the invention may stabilize taxanes by decreasing the rates of 

15 solvolysis {e.g„ loss of the ester side chain at C-13 or deacetylation at C-10) and/or epimerization 
of the taxane molecule (e.^.^ at C-7) as compared to taxane. The stabilization of a taxane by a 
stabilizer according to the invention is detectable by a reduction of one or more known 
degradation products (e.g., 7-epi-taxol C, 10-deacetyltaxol, 7-epi-taxol, 7*epi-10-deacetyl-taxol, 
baccatin m, 10-deacetylbaccatin m, cephalomannine, nitine, 7-epi-cephaIomannine (see, for 

20 example, Miller et al., J. Org. Chem. 46: 1469-1474 (1981) and Volk, et al, J. Chromatography B 
696: 99-115 (1997). In a particularly prefeired embocUment of the invention, the stabilizer is 
ascorbic acid 6-palniitate (i.e., ascorbyl palmitate). Other stabilizers useful in the present 
invention include metal salts of acids such as alpha-hydroxy or beta-hydroxy acids, metal sulfates 
(e.g., FeS04, metal alpha-hydroxymethylsulfinates and metal sulfonates. The metal salts are the 

25 subject of Applicants' commonly owned U.S. patent application no , entitled **Uses of 

Metal Salts to Stabilize Taxane-based Compositions," filed of even date herewith, and 
incorporated herein by reference. 

Without wishing to be bound by any particular theory limiting the invention. Applicants 
believe that some stabilizers reduce taxane degradation by inhibiting the formation of radicals 

30 and/or by the formation of a complex between neighboring polar oxygen containing substituents 
in the taxane skeleton. This new configuration creates a "lock** which holds these chemical 
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l„t« de»«»s a. «■« of solvCysis ^ *P««o«.«<»> of tho« and to *cr..s« 
*e of -kg-adaao. of *. pa«.. compoo^l Heno., in embodim«« of *. .n^nno., 
pcefened sttbilte« .« mlica. inhiblMrs. Radical inhlbiBn «dl h»wn i. *« an (see 

!!L.g.od.i.-doninc..del^-*u^C^'*8>-»«»-^"*-"--^"-^'^ 

HOCH^*.Korl.yll»JnitaB.b«a-o'^.°»='»'*'"»*°'°°'™'''""- „ . 

Y« ofcr p«fen«l stJ«ll«n, co.Bn.pl««l by d» i.».lo« may additionally a,d m 
p,«c™ng color of *c pl»«n»«.dcal composiUon. An example of *is type of s«bil,z» » 
10 dl-alpha-Kx»pl««l.con»«Kd.lly.v«lablefromBASF(MtOU»e.NI). 

nnp of *e .n,oun. of aubili^r p..»n, in *e composmons of *e 
mention ia ftom 0.2* <o abon. 1.0* by .0<al weigh, of .he con,p«i>ion. In g»KrA 
^oum nn,g« ftom abou. 0.05* .o abou. 2.0% by weigb,. Delations a« .o • 
g,™, s.ba»n« functions as a «abili«r for pnrposes of U« prcsen. invendoo, and .f ao, d» 

Ine fo^uMona coniaining .aryiag a™o«n« of .he eon,po«.d ar. s^<^ » 
co„didona(o,g..80'Cfor24h„^)andd»nana,y^adbyHPU:.^*of«mul»io.a.»c»np.^ 

„ a connol (no. coouioing «.c compound) and *c percenugc of u»ch«.g=d naa« clcU«.d 
t„n, d» HPLC prof,,., compounds 4a. achieve «an. radoa of 97* are g«»n^ly cona^red 
» accep.ble:compo.ndsacbie.ing,adosgrea«rd»98.5*a..p«.^ S..a..o««M.Uera..d 

Volk publications, above. 

Phannaceudcal eomposidons according «. d» invendon may indole more *a. one we 
„, canier. co-solnbilixcr, or s«bi.ia.r. In some »nbodimenB. die composidons of d» in«n«on 
™, epdonally be ionm»^ «id. "-"^ anch aa for example a.^ac.an^ 

„ pbanna»«dc.lexcipie.»,di,.»».s«e«e.ars.fl.«*g.gan«orcolon.gag««,as^^^^^ 

•n rr^ de«ila herein. Convendonal ph«m«:«.dc.l excipienB. danenB, sw«=«n.rs. flavonng 
agenra, coloring a^«s a»i an, od» in«. i.gredi«.» n>g»l.H, inclndcd in toage fonns 
i^rendad for oral admim.«ion a« wdl know, i- d>. ar. («e J!»»,ng,o„'s Flu^'^-^ 

Sciences, si^ray . 

A "surfactant" according to the invention is an amphiphilic moiety havmg a surf ace-acfve 
group capable of maintaining and/or promoting the dispersion of an hydrophobic compound 
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within an aqueous media. One of skill in the art will appreciate that surfactants suitable in the 
compositions of the invention are well known in the art. Non-limiting representative surfactants 
include Vitamin E (e,g. alpha-tocopherol) and beta-carotene. 

The term "taxane" is used to identify a diterpene moiety that is only slightly soluble in 
5 water. Taxanes according to the invention include without limitation moieties isolated from the 
Pacific yew tree {Taxus brevifolid) as well as derivatives, analogs, metabolites and prodrugs, and 
other taxanes. Preferably, the taxane is selected from the group consisting of paclitaxel, 
docetaxel, derivatives, analogs, metabolites and prodrugs of paclitaxel or docetaxel, and salts, 
polymorphs and hydrates thereof. More preferably, the taxane comprises paclitaxel. In some 
10 embodiments of the invention more than one taxane is included as active ingredient. 

The taxane concentration in the compositions of the invention may vary based on the 
canier(s) co-solubilizer(s) and/or stabilizers selected and on the desired total dose of taxane to be 
administered orally to the mammal. The concentration of taxane in the pharmaceutical 
compositions according to the invention may range from about 2 to about 100 mg/ml, preferably 
15 from about 6 to about 60 mg/ml or more, preferably from about 10 to about SO mg/ml. 

Applicants have discovered that the administration of an effective oral amount of a 
bioavailability-enhancing agent in conjunction with the administration of the compositions 
according to the invention furthers the achievement of a bipod level of the taxane that is 
comparable to the blood level achieved by intravenous injection of the taxane. As discussed infra^ 
20 a bioavailability-enhancing agent may be administered before, at the same time, or inmiediately 
after the administration of the compositions of the invention. Accordingly, in some preferred 
embodiments of the invention, the pharmaceutical compositions include a bioavaUability- 
enhancing agent. 

The term "bioavailability enhancing agent" also referred to as ''enhancing agent" or 
25 "enabling agent", is used to refer to an agent capable of promoting the absorption or 
bioavailability of another agent. Preferred bioavailability enhancing agents include cyclosporins 
and related oligopeptides produced by species in die genus Topycladium, ketoconazole, 
dexverapamil, amiodarone, nifedipine, reserpine, quinidine, nicardipine, ethacrynic acid, 
propafenone, reserpine, amiloride, ergot alkaloids, cefoperazone, tetracycline, chloroquine, 
30 fosfomycin, ivermectin, tamoxifen VX-710, VX-853, genistein and related isoflavonoids, 
calphostin, ceramides, morphine, morphine congeners, other opioids and opioid antagonists. 
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^ .CSS i™«ss>» ^-o^" - - »-^' - 

L se„.-s,.*«>c »«.ogs ..v. ISO P^. S« ^ne^ily =^~v « ^ 

pwoci-s^,. »«B^ OS'S- ""^'"T: 

CTiu » ^ c«.^ P450 ..ra-- ■» ^ "° '"t:^"! 

ZJy^ -his p,op«„ have ^ W » P«'« »' - 

feasibility or regulatory approval. 

^lospori.. .hich may be used in p^fened embodi^en. of *e «•«>«. ^ 

« .0. l-ted .o: cyOospoHns A U™.^ 2 b». P»«c».a,.y cyCospon. A (cj..^X . 

F, cydcpoHn D, dib,*o cyclospcHn A. dibyd™ cyOospo*. C ace^l c^.o^« 

i^^^s-ppressiveeyCospodn. Cba^«Hsdc a»i«. aeid va«c™ defllng cyclosponns A-Z 

are described in Table I below. 

Table 1: Cyclosporins A-Z 
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Cy= cyclosporin 

In a more preferred embodiment, the invention provides a long term-stable pharmaceutical 



composition for oral administration to a manmial including a taxane. Vitamin E TPGS, propylene 
glycol, ethanol and ascorbyl palmitate. 
5 A particularly preferred embodiment of the invention comprises the following ingredients: 



Ingredients % w/v U/mL 

Paclitaxel 1.20 12.0 mg 

Vitamin ETPGS(*) 40.00 400.00 mg 

Propylene glycol US? 40.00 400.00 mg 

10 Ascorbyl Palmitate NF 0.50 5.0 mg 

dl-alpha-tocopherol USP 0.50 5.0 mg 

Dehydrated Alcohol q.s. to 100 mL q.s. to 1 .0 mL 



(*) d-alpha-tocopheryl polyethylene glycol 1000 succinate 



The compositions of the invention may be prepared by any conventional method known to 
individuals of skill in the pharmaceutical arts for preparing liquid or other fluid oral formulations 
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containing surfactant carriers and lipophilic active ingredients. Suitable non-.nruUng 
representative methods of p«paring the compositions of the invention include for example the 
™otocols described in examples hetein. Since the majority of the preferred carriers are very 
viscous at room temperature, and in some cases retain a relatively high viscosity even upon the 
addition of a minor p^portion of co-solubiUzer. it is generally preferred in preparing the 
compositions to mix the carriers and co-solubilizers to be used, add the taxane active ingredient, 
andheat the resultingmixturewMle stirring, for example to about 4(fC.™smethodena^^^^^^^ 
p^aration of clear solutions. Certain co-solubilizers, however, particularly PHARMASOLVE . 
lower the carrier viscosity and enhance taxane solubility to such a degree that the composition can 
be prepared by stirring at room temi^ratute wiA no heating. It is desirable that the viscosity of 
Ae finished composition not be higher than 40.000 cps at body temperature (approxmiately 37 

The oral compositions of the invention may be in the form of true solutions, emulsions or 
suspensions, but solutions of the active taxane ingredient in the carrier or carrier/co-solub.hzer 

15 system are preferred. 

The invention also sets for the methods of using the compositions for a vanety of purposes 
including, but not limited to therapeutic applications. Thus, in a second aspect, the invenUon 
provides methods to achieve target blood level of taxane in a mammal by the oral administration 
of an effective amount of a pharmaceutical composition as described he«in. Such methods are 
20 suitable to provide a target blood level of the taxane which is comparable to that achieved by 
intravenous administration of the taxane. Although some of fte oral pharmaceutical compositions 
of the invention may provide target blood levels, including therapeutic blood levels of pacUtaxel 
when administered alone, a prefened method of the invention is to administer the om 
pharmaceutical compositions concomitantiy with the administration of at least one dose of an oral 
23 bioavailability enhancing agent because the levels of taxane that are subsequentiy achieved are m 
fact associated widi pharmacological activity of the taxane. 

Pharmaceutical compositions and bioavailability enhancing agents useful accordmg to tins 
aspect are as described for the first aspect of the invention. 

"Target blood levels" according to tiie invention a«= blood concentrations of a taxane at or 
30 above the threshold concentrations necessary to observe the particular activities associated with 
taxanes that a« sought. Non-limiting representative examples include the inhibition of tubulm 
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disassembly, which occurs at blood levels of about 0.1 jiM or about 85 ng/ml and the inhibition of 
protein isoprenylation (which occurs at blood levels of about 0.03 or about 25 ng/ml). 
Additionally, taxanes such as paclitaxel have been shown to inhibit angiogenesis and to inhibit the 
phosphorlation of intracellular BcI-2. Some of these activities (such as the direct inhibition of 
5 oncogene functions or the inhibition of a transducing element) are direcdy related to taxane 
antitumorigentc properties. Hence, in some particularly preferred embodiments of the invention 
target blood levels are therapeutic blood levels at which a particular pharmacological activity is 
observed. Target blood levels may vary considerably due to a number of variables such as for 
example, use of concomitant medications, hepatitic status, albumin levels in the mammal being 

10 treated and variations between different pharmaceutical formulations. Target blood levels may be 
easily ascertained by routine methodologies such as the administration of the compositions of the 
invention in step-wise increments while monitoring paclitaxel concentration in the manmial. 

In preferred embodiments of the invention wherein the mammal is a human in need of a 
regimen to inhibit of tubulin disassembly, target blood levels are at least about 0.1 pM or about 85 

15 ng/ml for a period of time {e.g., several hours). In some embodiments of the invention wherein 
the mammal is a human in need of a regimen to inhibit protein isoprenylation, target blood levels 
are at least about 0.03 or about 25 ng/ml. Such target blood levels include without limitation, 
blood levels from about 25ng/ml to about 85ng/mL 

In a third aspect, the invention provides a method to investigate the physical properties of 

20 diterpenoids. More specifically, the invention provides tools useful to investigate the biochemical 
properties of taxane moieties in novel formulations capable of mediating larger increases in tissue 
distribution in vivo, without an increase in toxicity. Such tools, capable of expanding taxane 
volume of distribution, will allow investigators to elucidate a variety of biochemical properties in 
vivo, such as for example the effects of paclitaxel on the level of tubulin and/or microtubule- 

25 associated proteins (MAPs) overexpression, cell cycle progression, and nucleation of microtubule 
assembly in various tissues. Such studies promise to lead to a more comprehensive 
pharmacokinetic and pharmacological description of taxanes essential to identify novel 
applications and possibly to further optimize already existing therapeutic outcomes. 

Finally, the methods and compositions according to the invention are useful in therapeutic 

30 approaches to taxane-responsive diseases. A "taxane-responsive disease" is used to refer to any 
condition including a disease condition, which is ameliorated by the oral administration of 
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5 include cancer. mnK«. K.p<., .» ^ ^ ..^.^ to. ma, be ».a,». 

,0 present invention are uncontrolled tissue or eel P .^^^^^^^ 
polycystic kidney disease, inflammatory diseases {e.g., arthntis) 

20 responsive disease may be treated prophylacticallyb J ^^^^ „„,ers. early 

possible onset of the disease, e.g., famUy history, envrronmental exposure, gen 

^"^'Tlltl'^other aspects, althou^^^^^ 

As discusse ^^^^j^^ ^^,„e 

reinvention may pr^^^b^^2of*eiLtion^ 
M when administered alone, the preierrea mcuio- „ „ tovanp such as 

25 wnenaui ,Jn,inister the oral compositions contaming a taxane sucn as 
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Pharmaceutical compositions and bioavailability enhancing agents useful according to this aspect 
of the invention are as described for the first aspect of the invention. 

In general, the dosage range of the bioavailability enhancing agent to be co-administered 
with the taxane in accordance with the invention is from about 0.1 to about 20 mg/kg of patient 
5 body weight, preferably from about 3 to about 15mg/kg of patient body weight, and more 
preferably from 5-10 mg/kg. "Co-administration" of the enhancing agent comprehends 
administration substantially simultaneously with the taxane (either less than 0.5 hr. before, less 
than 0.5 hr. after or together), from about 0.5 to about 72 hr, before the administration of the 
taxane, or both, f,e., with one or more doses of the same or different enhancing agents given at 

10 least 0.5 hr. before and one dose given substantially simultaneously with (either together with or 
immediately before of after) the target agent. Additionally, "co-administration" comprehends 
administering more than one dose of taxane within 72 hr. after a dose of enhancing agent, in other 
words, the.enhancing agent(s) need not be administered again before or with every administration 
of taxane, but may be administered intermittently during the course of treatment. 

15 "Effective amounts" is used to denote known amounts of the taxane in the pharmaceutical 

compositions of the invention sufficient to achieve a particular taxane blood level. The dosage 
range of the orally administered taxane in the compositions of the invention will vary in 
accordance with a number of factors^ including the particular taxane, on its therapeutic index, the 
requirements of the disease being treated, the age and condition of the mammal, the nature of the 

20 disease(s) being treated the stage of the disease, other medications and being taken by die 
mammal, and the like. The pharmacology and pharmacokinetics of taxanes, especially paclitaxel 
and docetaxel, are well known. This pharmacological information can be used in conjunction 
with the exigencies of the mammal being treated to optimize dosing and scheduling regimens. 
One of skill in the art will appreciate that specific dosing and scheduling of this composition may 

25 be tailored to meet the requirements of each patient by trial and error while monitoring the 
patient's response (see Rowinsky, Oncology 7ifJ>:7-19 (1997) for dosing and scheduling 
considerations). 

Precise amounts of each of the taxane included in the oral dosage forms will vary 
depending on the age, weight, disease and condition of the patient. For example, paclitaxel or 
30 other taxane dosage forms may contain sufficient quantities of the target agent to provide a daily 
dosage of about 20-200 mg/m^ (based on the mammal/patient body surface area) or about 0.5-30 
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0^, on — Up.to« body «igb.) » single 0, dWlded (2-3) d.n, P^f^ 
i;ea™o.n.a„abo«.50.200n,ta'oc.*ou.2^m^»»-.-l.b.ocd1ev=Uof»a»,. 

«e Ig. of 50-500 ng/nJ for ««on*d ,«io* of a™. S-12 ho»s) .«« «ch oca. *«. 
T..«,o..U«e«.c«coo,«.b..»-«se«l».ved«i*96*o«,IVi^,o.p.cU«x..*e„py 

(Which unlik. onJ .dmim«niBo« c.». .he pMient g«=« i»on«»ie.Ke. discoMoct, loss of 
(«tach unllte <« J2:,621-1629 (1994)). 

qualiu Urns, infeaion potential, (wuson . ^ 

L^™,. sad. blood levels of paeli»«l .» ™re than »fScie„, to pr».de the d» »^ 

ph.„„«„logica, divides of d,. ...g.. dn.g. " ■^-"'">' 

Lp™.einisop«.ylado.wMch.,edi«cd,,.l«ed.oits».timo,or.ffect.byi.l„^it.ngo^^^^^^^^ 

taction, ^ Iridbitio. of si8,».-.n»»i«cing X"" ■» " '""^ '° 

'"""'^dosing — fo, ad^nistratioo of otal paclitaxe, (a) d» 
a,hn.M^o. to a patient «ed d^eof of 1-3 »,»any divided do., P^vidlog ^o" 20-^ 
a»«d oo body surface »ea). »d p^ferably aboot 50-200 .hg/n, wth d«ly 
linis^adon being continued fot .-4 consecndve day, each 2-3 weeU. ^) -^^^ 
on. day each ».ek. and (c) daily adn,ini««don fo, two ot d,«e «.ek,. fbllowed by a on. 
„«U^penod.Tbefo,n,er=.hedulei,compantble,o«seofa96-ho..,pac.it..eUnfn,.on.very 

2-3 weeb, which is coo,idered by son* a prefeired IV t«atment legmen. 

in a pa«ic„la,ly prefened embodiment of d» invendon. dte pha.n»eenticU c«.p«mo. 
„ adntinisteted compn»s about «>n,^m' paelitaxel b, weigi,c I. .nod., P«deu.aH, ptefened 
,„,bodine..,d«pha™a«uticaleompo»doncoapri»,-x«tl80,ngtab,w«ght. 

Two or mo^ditferentenhancing agents a»i/or.woo,n.o,.diffe,«.t«xan.t.rEet.ge.«s 

m,y be administen^d together, altematdy or in«mdt,e.tly in aU of d« various a,P«.s 

method of the invention. 

„ A.aiscus«d,^oralpaclit.,tel«l.mni«..edrione(..g.JnasoMdo»geform.r.v« 

,i.^d vebicte ,K» containing c«a ab»pdon promoting cani^) exhi^ 

Woav^labiHty. Up^ ord admini^a-ion of th. compoddo^ of ^ inventions one ho» a ter 
.iministr^ion of an rff.cdve^.1 dose of ».o,-bioa,»l.bi,ity enhancing agen. the a^^^^^^ 

e.e ta^ne -.aorbed i«o dte bloodstre^n is a. leas, about .5% of dte amount ab»rbed w e„ ^ 
„ «»». dose of paclitaxd i, «ta.iniat««l to i.trave««sly ta a ,.andard intravenous vehtde .g.. 
«.mple a CREMOFHOR" EUed«mol vddde. The reladve p.«».tage of ab,»paon „ 
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determined by standard methodologies in the field such as by comparing the respective AUC (is 
the area under the plasma concentration-time curve, commonly used in pharmacokinetics to 
quantify the percentage of drug absorption and elimination determined after oral/intravenous 
administration of the drug. A high AUC is an indication that the drug tested is more likely to be 
5 available to reach the target tissue or organ. The novel pharmaceutical compositions may be 
administered in any known pharmaceutical dosage form. For example, the compositions may be 
encapsulated in a soft or hard gelatin capsule or may be administered in the form of a liquid 
preparation. 

Oral administration of taxanes in accordance with the invention may actually decrease 
10 toxic side effects in many cases as compared with currently utilized IV therapy. Rather than 
producing a sudden and rapid high concentration in blood level as is usually the case with an IV 
infusion, absoqition of the active agent through the gut wall (promoted by the enhancing agents), 
provides a more gradual appearance in the blood levels. A stable, steady-state maintenance of 
those levels at or close to the ideal range for a long period of time can be more easily achieved 
15 with oral administration than with the inconvenience and risk of infection in an already immuno- 
compromised host. 

In a further embodiment of the present invention, the oral compositions of the invention 
may be administered in a two-part medicament system (e.g.^ to acconmiodate the use of carriers 
which are chemically or physically incompatible with desired adjunctive ingredients such as 

20 flavoring or coloring agents). In such cases, the taxane may be administered to the patient as the 
first part of the medicament in a solubilizing vehicle, which may be sweetened, flavored or 
colored as desired. The administration of the taxane may be followed by administration of a 
larger volume of fluid, for example 1 to 8 fluid ounces (30 - 240 ml), containing at least one 
carrier or a carrier/co-solubilizer system in accordance with the invention. It has been discovered 

25 that administration of the second, "chaser** formulation a short time after the taxane can retard 
precipitation of the taxane which might otherwise occur upon entry into the gastric fluid and 
promote oral absorption to a degree comparable to that observed when the taxane is intermixed 
with the carrier and administered simultaneously. 

Illustrative examples of "chaser" formulations that may be used in a two-part oral taxane 

30 medicament include: 

a) 2-20%(by weight) Vitamin ETPGS + water q.s.; 
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H j.25*ViumiBE1TOS + 2.25%PHARMASOLVE"H-waI«,.s.;aKl 
c) 2-20*VilaiililiETPOS + 2-23»piopyl«»glycol*wa"<l-»- 
^ «p«. of U» <«1 " * 
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, liIs-oa,«».oby«d«.~80r«— O.e„eedforp,.-n-ea.c..»..^n^.(^^^ 
l.,^H.2blc«k«,pl«.«roids,. m,a«.risofp.,.ic».ar,..e.a.o.»te«o.»»«ofd«be«c 
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The present invention p^vide, fo, *e ad.in.«ion of Uxanes. e*. pacb^e. » 
conrparalvely infreonen, daily ^ ie.,. abou. »ice/day, «.i/or access " 
„ Lm „ Ji» no. be po^ibl. or ^.cdca, wi* ^ Ue onc..^ 

a^inisnation of a bioav.,abi,i. enhaneer (e.,., cyeloapoH. A> n»y s««>ce 
o.ed»e„fu»n.isadn,ini«e^d^gd»a.y.H».ce..or.x.n,...p.e.«eleo«.beg^ 
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OS within a safe and effective "window". 

T,„,.«„wins«an,p.«a«i«»-ed.o«.,*.riU«.»c».i.p..re,,.d^^^^^ 

in^ndon «.d are ». Bndd^ i— -n- e^-^es a., no. ..^.dei however 

..^ .genu, dosag. ranges. »adng procures or od«r paran,..ers d,a. n.os. b. ^ 
3. «„W...,„pra«iee,hei..«>«0.. H»c^ U« .se of paciiuxe, » ill»s».e aspec. of »«.es 
:!lJispl.yfo.il..s-«ivepu.p-"'=b.»ddno.b.cons.n«das«dngd«.^^^^^^ 
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Those skilled in the art will recognize, or be able to ascertain, using no more than routine 
experimentation, numerous equivalents to the specific substances and procedures described 
herein. Such equivalents are considered to be within the scope of this invention, and are covered 
by the following claims. 
5 Example 1 

Preparation of Representative Pharmaceutical Compositions 

One of skill in the field will readily appreciate that a variety of protocols may be used to 
prepare representative compositions according to the invention. The following is included merely 
to illustrate the ease with which representative compositions according to the invention may be 
10 prepared. Representative formulations according to the invention having the following 
ingredients were prepared (hereinafter referred to by the designation "Formula One"): 



Ingredients 


% w/v 


U/ml 


Pachtaxel 


1.20 


12.0 mg 


Vitamin ETPGS(*) 


40.00 


400.00 mg 


Propylene glycol USP 


40.00 


400.00 mg 


Ascorbyl Palmitate NF 


0.50 


5.0 mg 


dl-alpha-tocopherol USP 


0.50 


5.0 mg 


Dehydrated Alcohol 


q.s. to 100 ml 


q.s. to 1.0 ml 



(*) d-alpha-tocopheryl polyethylene glycol 1000 succinate 



Paclitaxel (NaPro BioTherapeutics, Inc., Boulder, CO), Ascorbyl Palmitate NF (Aldrich 
25 Chemical Co., Milwaukee WI), and dl-alpha-tocopherol USP (Roche Vitamins, Nutley, NJ) in the 
amounts specified above were placed in a suitable volumetric container and dispersed in at least 
two-thirds of the total amount of dehydrated ethanol (Florida Distillers Co., Lake Alfred, FL) to 
be included (either 1.0 or 100 ml). Upon complete dispersion, the appropriate amount of 
propylene glycol was added and mixed for at least 30 minutes. Liquefied Vitamin E TPGS (d- 
30 alpha-tocopheryl polyethylene glycol 1000 succinate (Eastman Chemical Co., Kingsport, TN) (by 
heating it separately to approximately 50-60^ C or until it liquefies) was added. The remainder of 
the dehydrated alcohol was then added and the final formulation was cooled slowly to 
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10 



IS 



approximately 25-30- C (room temperature). Once the solution reached room temperature the 
solution was adjusted to the final volume with etimol while stirring constantly unt.1 a hght 
yellow transparent solution was formed 
Example 2 

Stability Analysis . . 

AS discussed supra, one of the advantages of the compositions of the invention .s their 
stability. The following experiment illustrates the stability of the compositions accordmg to the 
invention. Hie representative compositions prepared as described in Example 1 were assayed m 
compliance with ICH guidelines. Using a suitable size Eppendorf Pipette. 10.2 - 10.5 ml of 
solution was delivered into individual 15cc amber glass bottles using a 28/400 Black Phenohc 
cap with Poly Seal Uner. Gross, tar. and net weight of each bottle were recorded. The bottles 
were then placed upright at 40" C and 75% humidity. Subsets of bottles were removed and tested 
according to methodology well known in the field ii.e., presence of known degradation product 
by HPLCaftereachtimepointasshown below (2 weeks, and 1-6 months). As shown in Table 2 
below the compositions were found to be stable showing minimal levels (expressed as a % of 
total impurities) of compounds considered hallmarks of paclitaxel degradation such as 7-ep,- 
Taxol C. 10-deacetyltaxol. or baccatin m as compared to negative control formulations based on 
CREMOPHORE EL™ (rfam not shown). In addition, impurities were less than 3.5% after as long 
as six months of incubation {data not shown). 



20 
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Table 2: Stability Analysis 



1/cuKADATION 

Products 


TKiin A I 


L 

WEEKS 


1 \4rkMTVI 


it 

MONTHS 


% 

M<»rrHS 


O MUiMind 


7-Epi-Taxol C 


ND 


ND 


ND 


ND 


ND 


0.11 


1 u-ueacety itaxoi 


IN LI 




U.U4 


nil 
U.i 1 


U.IZ 




7-Epi-taxol 


0.06 


0.07 


0.06 


0.06 


0.06 


0.16 


7-Epi-lO-deacetyl- 
taxol 


0.14 


0.15 


0.17 


0.15 


0.14 


0.21 


Baccatin III 


ND 


0.07 


0.09 


0.13 


0.14 


0.18 


10-deacetylbaccatin 

m 


ND 


0.02 


0.02 


0.04 


0.02. 


0.02 


7-Epi- 

1 Ophalomannine 


ND 


ND 


ND 


ND 


ND 


0.05 



Example 3 
Solubility Analysis 

5 To assess paclitaxel solubility in representative compositions of the invention, 

formulations prepared as in Example 1 and having final paclitaxel concentrations of 12, IS, 25, 
and SO mg/ml were diluted with water to a 1 to II ratio (1 ml paclitaxel formulation and 10 ml 
water). The solutions were then assayed by HPLC analytical method. As shown in Ingure 1, 
paclitaxel remained in solution for at least two hours (thus showing solubility for an adequate 

10 period of time) in all preparations with the exception of the SO mg/ml preparation. Notably, 
preparations containing between 12 to 20 mg/ml remained in solution for the entire duration of the 
study. 
Example 4 

Pharmacokinetic Analysis 

15 The compositions and methods of the invention are used to achieve target blood levels, 

including therapeutic blood levels, of taxane in a manmial. To exemplify this aspect of the 
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invention, two groups of patients (total of five patients) .ete first administered an enhancing 
agent preparation such as Neoral® 5 mgAcg (Cyclosporin A. Novartis Phannaceuticals. Inc 
summit New Jersey) and 30 minutes later were administered compositions prepared as descnbed 
inExamplelat«r.gledosesof60mg^m^(u=2)andl80mg/mnr.=3)ofpacUtaxel.Seri^^ 

samples were taken frequently over 3(M8 hours and assayed for paclitaxel. Individual and mean 
pharmacokinetic parameters of paclitaxel are shown in Table 3. T^ese results show sU^d^ 
higher values for and AUC following formula one than for the CREMOPHOR EL™ 
formulation. With both doses therapeutic blood levels were achieved and there was an 
approximate Mold increase in systemic exposure of paclitaxel when one compares *e area under 

the phumu. concentration vs. time curve for die 2 doses. The latter suggests that the compositions 
of Ae invention may provide sufficient levels of paclitaxel in plasma with ingestion of less 
ethanol than the CREMOPHOR EL™ based formulations. 



Patient 


Cmax 

(ng/ml) 


AUC last (ng hr/ml) 


AUCirf 
(nghr/ml) 


1 


189.3 


929 


1025 


2 


226.6 


1126 


1208 


Mean 


207.9 


1029 


1159.5 


SD 


26.3 


137.2 


146.4 


CV 


19.6 


22.3 


21.2 



,5 Table 4 shows a comparison of the pharmacokinetic parameters for a CREMOPHOR 

el™ (a polyethoxylated castor oil )/EtOH based formulation (n=9) versus those for Formula One 

(n=4) according to the invention. 

Table 4. Comparison of Phannacoldnetic Parameters (C/E vs. Formula One) 



Apparent BiOAVAiLABUJTY ® 60MG/m 



C/E 
"Si" 

1409(56) 



FORMULA ONE (AUCiv=50% 
of CE value) 

69.1% 



1159.5 
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Example 5 
Palatability Test 

Another property of the compositions of the invention is their palatability as compared 
5 with their counterpart CREMOPHOR™ EL (a polyethoxylated castor oil)/EtOH based 
formulations. Formulations prepared with traditional stabilizers have an unpleasant bitter taste 
probably due to the castor oil. For this purpose 5 ml aliquots of Formula One (40% Vitamin E. 
TPGS + 40% propylene glycol + 20% ethanol, see Example 1) and 75% CREMOPHOR™ EL + 
25% Ethanol were placed in 17 glass vials (an additional vial without formulations was used as a 

10 negative control). Various flavors commercially available from international flavor & Fragrances, 
Inc., Dayton, NJ; Crompton & Knowles, Charlotte, N.C. and Virginia Dave, Brooklyn, NY) as 
shown in Table 5 were added to 16 of these vials as follows: banana (0.5%), cherry (0.2 and 
0.5%), grape (0.5%), grape maskant (0.5%), mint (0.2 and 0.5%), pepper mint (0.2 and 0.5%), 
herbal mint (0.2 and 0.5%), pharmasweet (0.1%), prosweet (1%), rainbow sorbet (0.5%), 

15 watermelon (0.5%), and wintergreen (0.5%). Preparations were administered blindly to test 
individuals to taste and score as either (-) no good; (+) acceptable/ok; (-H-) good; or (-H-+) 
excellent. The numbers were marked on the cap of two groups of sample vials that contained 
placebo (formula one or 75% Cremophor EL/25% Ethanol with different flavor). Random 
solutions were taken from these vials by dropper. They were tasted by two chemists. Hie results 

20 versus number were recorded. 

As shown in Table 5, Formula One in various preparations was found to be more palatable 
than counterpart formulations. Moreover, the banana-flavored preparation was found to be 
excellent. 



Tables. Flavor Testing 





FORMULA One 


(75% Cremophor EL -f 25% Ethanol 


Blank* 


+♦* 




Banana (0.5%) 


. +++ 


+ 


Cherry (0.2%) 


++ 


+ 


Cherry (.5%) 


++ 


+ 


Grape (0.5%) 


++ 


+ 
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I Wintergreen Flavor (0.5%) 



rgreen riavor yy.j _, 

Example 6 

CoinpaiattveAbsoiplkni Assays „, ^ »™,™mdve 

, . 12 3 4 6 8 l2an(124ho«ispo8l-<loseofpacUlaxd. 

wei.coUKlrfftomeachaiiimalalO.5.1,2,3.4,6,5, 1 tv. mtal bk»d 

m wood s«npl« »mb»s»i and assayed for ndK«o««fl.. Tl» »»> 
:^l:^,J.o™sp»d...»— „..e«oodof^-pa^^.-^^ 

.^„.„epos..«se. rrr..^" 

n o«H T The oercentage of absorption of H-paclitaxei iot ^ f 

^ ■ ■ . A naclitaxel (9 me/kg) intravenously m the form oi 
reference group of rats adimnistered H-pacl.taxel (9 mg^Kg, „_^opnoR~ 
PAXENE™ (Baker Norton Pharmaceuticals. Miami TL) which mcludes CREMOPHOR EU 
Zld Citric aci. AS shown in Table 6 several carriers and carrier/co-solub ..r 
ThlLs formulated into oral composi.ons containing paclitaxel in accordance wnh the 



15 



20 
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invention were found to yield percentage absorption values in the experimental animals of 15% or 
greater in comparison with FV paclitaxel (data not shown). 



Table 6. Carriers and canier/co-solubilizer combinations which achieved greater than 15 % 

paclitaxel absorption 



Carriers 


CO-SOLUBOiZERS 1 


IPGS 


Pharma- 
solve 


Propylene 
glycol 


Mygliols 


Softigen 


PEG 200 
&400 


Propylene 
glycol 
/Pharma- 
solve 


PEG 200 & 
400/ 

Pharmasolve 


Gelucire 
44/14 


Pharma- 
solve 


Mygliols 


Olive oil/ 
Brij97 


Olive oil/ 

Cremophor 

RH40 


Olive oil 
/TPGS 


Cremophor 
EL 


Cremophor 
RH40 


Gelucire 
44/14 


Labrasol 


TPGS/ 

Solutol HS 15 


Tween 80 


PEG 400 








Gelucire 
50/13 


Tween 80 


PEG 400 


Cremophor 
EL 










Cremophor 
£L 


Pharma- 
solve 


Citrate esters 


E1OH/H2O 


EtOH 








Cremophor 

T>U An 

Kii 40 


EtOH 
/HjO 














Myij49 


Phanna- 
solvc 














Myrj 52 


Pharma- 
solve 


Propylene 
glycol 












Myrj53 


Pharma- 
solve 














Twecn 40* 
















Tween 60* 
















Tween 80* 


EtOH 


Citrate esters 


Olive oil 


PEG 400 


H2O 






Crillet 6* 
















Emsorb 
2726 


Phamia- 
solve 














Solutol HS 
15* 
















Brij76 


Pharaia- 
solve 
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Example 7 

Evaluation of Carriers 

Tte experiments described hereinafter illustrate the ability of representative oral 
compositions formulated with different moieties as carriers to yield higher absorption rates than 
their respective IV counterparts when administered orally. 
Polyoxyethylated (POE) Soibitan Fatty Acid Esters as Carriers 

Table 7 lists formulations including certain POE sorbitan fatty acid esters as earners for 
oral paclitaxel. alone or in combination with a co-solubili^r. In formulations where more than 
one component is present, the respective weight ratios of the components are given. Each of 
these formulations was tested in the animal model described supra and found to yreld a 
percentage absorption of paclitaxel upon oral administration greater than 15% pachtaxel 
absorption, m uble sets ford, the total dose of paclitaxel incorporated into each vehicle as 
actually administered to tiie experimental animals, the concentration of paclitaxel m the 
composition, the HLB value of the carrier.themeanAUC value for the group of rats receiving ti^^ 

formulation and the percentage of paclitaxel absorption in comparison with rats recemng IV 



20 



administration. 



Table 7. Absorption Results of Polyoxyethylated (POE) Sorbitan 



FORMULATIONS 



Dose 


1 Cone. 




AUG 




[mg/kg] 


1 [mg/mll 


HLB 


Hg.eqxh 


ABS* 1 



wo 01/72299 



PCT/USOl/09382 



30 











r/ml 




jr\JIZ i\3 SOlDlldU iJiUUUiwUKUC 1 1 wccn £t\j§ 


10 2 


18 


16 7 


17 7 




POE 20 sorbitan monopalmitate {Tween 40) 


10.2 


18 


15.6 


17.6 


55.9 


POE 20 sorbitan monosteaiate (Tween 60) 


8.9 


25 


14.9 


17.1 


62.3 


POE 20 sorbitan tiistearate (Tween 65) 


9.4 


25 


10.5 


6.15 


21.1 


POE 20 sorbitan monooleate (Tween 80) 


9.0 


18 


15.0 


11.4 


40.9 


POE 20 sorbitan monoisostearate (Crillet 6) 


9.3 


20 


14.9 


13.6 


47.5 


POE 40 sorbitan diisostearate/Pharmasolve (3: 1) 
[Emsorb 2726] 


10.2 


25 


15.0* 


7.76 


24.6 



* Percent absorption versus paclitaxel IV AUC (same for Tables 4-1 1) 

POE Alkyl Ethers as Carriers 

Table 8 summarizes data for formulations containing POE alkyl ethers as carriers. The 
5 data correspond to the data described in the preceding table. 

Table 8. Absorption Results of Polyoxyethylated (POE) 
Alkyl Ethers Surfactants as Carriers 



FORMULATIONS 


Dose 
[mg/kg] 


Cone, 
[mg/ml] 


HLB 


AUC 
^g.eqxhr/nil 


%ABS 


POE 20 stearate ester/ Pharmasolve (3:1) [Myrf 
49] 


9.2 


25 


15.0* 


10.3 


36.4 


POE 40 stearate ester/ Pharmasolve (3: 1) [Myrj 
52] 


9.4 


18 


16.9* 


16.2 


57.3 


POE 50 stearate ester/ Pharmasolve (3:1) [Myrj 
53} 


10.0 


25 


17.9* 


7.01 


22.3 



* Not an actual HLB value of mixture. Numbers represent HLB values of pure surfactants 
POE Stearates as Carriers 



10 Table 9 summarizes data for formulations containing POE stearates as carriers. The data 

set forth correspond to the data described in Example 7. 

Table 9. Absorption Results of Polyoxyethylated (POE) 

Stearates as Carriers 



FORMULATIONS 


Dose 
[mg/kg] 


Cone, 
[mg/ml] 


HLB 


AUC 
pg.eqxhr/ml 


% ABS 


POE 20 stearate ester/ Pharmasolve (3: 1) {Myrj 
49] 


9.2 


25 


15.0* 


10.3 


36.4 


POE 40 stearate ester/ Pharmasolve (3: 1) [Myrj 


9.4 


18 


16.9* 


16.2 


57.3 
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Not an actual HLB value of mixture. Numbers ^le sent HI^ values or pun:-surfactants 
Ethoxylated Modified Triglycerides as Carriers 

Table 10 s—s data for fonnulations containing ethoxylated-^odified .nglyc«ndes 
ascamers.-n.edatasetforthcorrespondtothedatadescribedinExatnple?. 

Table 10. AbsorptionResultsofEthoxylatedModifiedTriglyceridesas earners 



10 









Dose 
[mg/kg] 


Cone. 


HLB 


AUC 

jig.eqxhr/ml 


%ABSj 


"95 


20 


10 


8.06 


27.6 1 


9.6 


20 


10 


7.46 


25.3 



PEG-20 Com Glyccrides {Crovol M-40) 

POE fifiOHvdroxystearaies as ^ucrs 

^^blfu sularizes data for formulations containing POE 660 hydroxys^arates as 
carriers. THe data set forth correspond to the data described inExample?. 

Table 11. Absorption Results of Polyoxyethylated CPOE) 660 



1 FORMULATIONS 


Dose 
9.1 


Cone, 
[mg/mll 
25 


HLB 
-14 


AUC 
pg.eqxhr/ml 
10.8 


% ABS 
38.4 


POE 660 hydroxystearaie (Solutol HS 
Gelucire 44/14 + Solutol HS + TPGS 

1(2:1:1) 


9.3 


25 


-14 


6.54 . 


22.8 



15 



Saturated PolyglycolizedGlycerides as Carriers 

Tablel'sununarizesdataforformulationscontainingsaturatedpoW^^^^^^ 

earners. Tlxe data set forth correspond to the data described in Example 7. 

Table 12 

Absorption Results of Saturated PolyglycolizedGlycerides as Carriers 



as 




fGclucirc 44/14 + PEG 4U0 (6 : 1) 
I Gelucire 44/14 + Labrasol (6 : 1) 
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Gelucire 44/14 + MygUol 810 (6 : 1) 


8.7 


25 


4.75 


17.6 


Gelucire 44/14 + Mygliol 818 (6 : 1) 


10.3 


25 


8.45 


26.6 


Gelucire 44/14 ^ Mygliol 840 (6 : 1) 


9.5 


25 


6.48 


22.0 


Gelucire 44/14 + Ciemophore RH 40 (6 : 
1) 


9.5 


25 


10.7 


36.6 


Gelucire 44/14 •¥ Cremophor EL (6 : 1) 


9.8 


25 


11.5 


38.1 


Gelucire 44/14 -l- Solutol HS -f TPGS (2 : 1 

:1) 


9.3 


25 


6.54 


22.8 


Gelucire 44/14 + Olive Oil + Tween 80 (2 
:1:1) 


9.6 


20 


11.9 


39.9 


Gelucire 44/14 -i- Olive Oil + TPGS (2 : 1 
:1) 


9.6 


20 


9.83 


33.2 


Gelucire 44/14 + Oiive Oil + POE 10 

01eyl(2: 1: 1) 


9.0 


2U 


O AT 


JU.D 


Gelucire 44/14 + Olive Oil + Cremophor 
RH 40(2: 1:1) 


9.1 


20 


7.73 


27.5 


Gelucire 44/14 Tween 80 (6 : 1) 


9.7 


25 


10.05 


33.5 


Gelucire 50/13 -i- Tweoi 80 (5 : 2) 


9.4 


25 


8.21 


28.4 


Gelucire 50/13 + PEG 400 (6 : 1) 


9.3 


25 


6.46 


22.5 


Gelucire 50/13 + Cremophor EL (6 : 1) 


9.1 


25 


8.11 


28.9 



Labrasol : Saturated polyglycolyzed C8 -CIO glycerides (HLB=14) 

Mygliols : Neutral oils (saturated coconut and palm kernel fatty acids) mainly C8 - n 

CIO fatty acids 

Cremq)hor EL : Polyoxyl 35 castor oil (HLB 12 - 14) 

Cremophor RH 40 : Polyoxyl 40 Hydrogenated castor oil (HLB 14 - 16) 



Vitamin E TPGS Systems as Carriers 

Table 13 summarizes data for formulations containing Vitamin E TPGS systems as 
carriers. The data set forth correspond to the data described in Example 7. 



Table 13. 

Absorption Results of TPGS Systems as Carriers 



FORMULATIONS 


Dose 


Cone. 


AUC 


%ABS* 




[mg/kg] 


[mg/ml] 


pg.eqxhr/ml 




TPGS +Pharniasolve (1.5 : 1) 


8.2 


. 25 


8.93 


35.2 


TPGS + Pharmasolve (1:1) 


9.5 


25 


8.72 . 


29.8 


TPGS + Pharmasolve (2 : 1) 


9,1 


25 


8.83 


31.4 

• 
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Softigen 767 : PEG-6-Caprylic/Capnc uiy^cuJ.. 
POE and Hydrogenated Castor Oil Derivatives as Cairiers 

<to,»«i«..sc«n«». Tl»da,.«.fo«ho»«.pond»ft.daa*«=H>«d'"E««-<''=^- 

Table 14. 

■ .■■^„..„.,.^Mv,. ve^,U.aC..o,OilMor)Denva.iveSys«;^ ^ 

- Dose ' ^^^^^^^^^^ ' ^ 
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Table 15 summarizes data for formulations containing polysorbate 80 as at least 
one of the carriers. The data set forth correspond to the data described in Example 7. 

Table 15. 

Absorption Results of Polysorbate 80 (Tween 80) Systems as Carriers 



j FORMULATIONS 


Dose 
[mg/kg] 


Cone, 
[mg/ml] 


AUC 
Mg.eqjihr/ml 


% ABS 


Polysorbate 80 


9.0 


18 


11.4 


40.9 


Polysoibate 80 + Ethanol + Water (1:1:8) 


8.0 


1.2 


7.92 


31.2 


Polysoibate 80 -¥ Ethanol (3:1) 


8.9 


18 


9.97 


36.3 


Polysorbate 80 + Water (3 : 1) 


8.2 


18 


7.15 


28.3 


Polysorbate 80 + TBC (1 : 1) 


9.5 


20 


9.12 


31.2 


Polysorbate 80 + ATEC (1:1) 


9.1 


20 


8.50 


30.3 


Polysorbate 80 + Olive oil (3 : 1) 


9.0 


20 


13.3 


43.7 


Polysorbate 80 -i- PEG 400 (1 : 1) 


9.7 


20 


9.41 


31.5 


Polysorbate 80 + Gelucire 44/14 -i- Olive Oil (1:2:1) 


9.6 


20. 


11.9 


39.9 


Polysorbate 80 + Gelucire 44/14 (1 : 6) 


9.7 


25 


10.05 


33.5 



5 TBC = Tributyl citrate (citrate ester) 

ATEC = Acetyl triethyl citrate (citrate ester) 

It has thus been shown that there are provided compositions and methods which achieve 
the various objects of the invention and which are well adapted to meet the conditions of practical 
use. As various possible embodiments might be made of the above invention, and as various 
10 changes might be made in the embodiments set forth above, it is to be understood that all matters 
herein described are to be interpreted as illustrative and not in a limiting sense. 

As used herein, the term "about" is intended to convey that the numbers and ranges 
disclosed herein are flexible and that practice of the present invention using temperatures, 
concentrations, amounts, etc. outside of the range or different from a single value will achieve the 
15 desired result. The term typically includes a deviation of ± 10% of any value it modifies. 
Industrial Applicabilitv 

The present invention is useful in clinical medicine, and particularly in the treatment of 
malignant and non-malignant diseases. 
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Claims: 

1. A composition comprising a taxane, a carrier, a co-solubilizer. and a stabilizer in a 

form suitable for oral administration to a mammal. 
5 2 Tlie composition of claim 1 wherein said taxane is paclitaxel or docetaxel. 

3. nie composition of claim 1 wherein said taxane is present in a concentrauon of 

from about 2 to about 100 mg/ml. 

4. nie composition of claim 3 wherein the concentration of said taxane .s from about 

10 to about 50 mg/ml. 

10 5 me composition of claim 1 wherein said carrier is selected from the group 

consisting of Vitamin E TPGS. saturated polyglycolyzed glycerides. modified castor o.ls, 
polyoxyethylated stearate esters, polyoxyethylated sorbitan esters, polyoxyethylated fatty ethers 
Lfied almond and com oU glycerides, sorbitan diisostearate esters, polyoxyethylated 

hydroxystearates and cyclodextrin. 
15 6 The composition of claim 1 wherein said carrier is Vitamin E TPGS. 

7 The composition of claim 1 wherein said co-solubilizer is selected from the group 

consisting of N-methyl-2-pyrroUdo„e. glycerol or propylene glycol esters of capryUc and capnc 

acids, polyoxyethylated hydroxystearates, polyoxyethylated sorbitan esters, polyethylene g^yco 

esters of caprylic and capric acids, modified castor oils, vegetable oils, saturated polyglycolyzed 

.0 glycerides. citrate esters, propylene glycol, ethanol. water and lower molecular we,ght 

polyethylene glycols. 

8 The composition of claim 1 wherein said co-solubilizer is ethanol. 

9. Tbe composition of chum I wherein said co-solubUizer comprises propylene 

glycol and ethanol. 

25 10. me composition of claim 10 wherein the ethanol is dehydrated. 

II The composition of claim 1 farther comprising a surfactant. 

12. nte composition of claim 11 wherein said surfactant is dl-alpha-tocopherol or 

beta-carotene. , 

13. THe composition of claim 12 comprising from about 2 mg/g (0.2%) to about 10 

30 mg/g (1.0%) by weight of said dl-alpha-tocopherol. 

14. nie composition of claim 1 wherein said stabilizer is ascorbyl palmitate. 
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15. The composition of claim 1 wherein the stabilizer is dl-alpha-tocopherol. 

16. The composition of claim 1 wherein the stabilizer is a radical inhibitor. 

17. The composition of claim 1 further comprising a pharmaceutical excipient, diluent, 
sweetener, flavoring agent and/or coloring agent. 

18. The composition of claim 1 further comprising a bioavailability-enhancing agent. 

19. The composition of claim 18 wherein said bioavailability enhancing agent is a 
cyclosporin. 

20. The pharmaceutical composition of claim 1 comprising paclitaxel, Vitamin E 
TPGS, propylene glycol, ethanol and ascorbyl palmitate. 

21. The composition of claim 20 wherein said ethanol is dehydrated ethanol and said 
composition further comprises dl-alpha-tocopherol. 

22. A method to achieve target blood levels of a taxane in a mammal comprising orally 
administering to said manmial a pharmaceutical composition comprising a taxane, a carrier, a co- 
solubilizer and a stabilizer. 

23. A method treating a mammalian subject suffering from a taxane-responsive disease 
comprising the step of orally administering to said mammal a pharmaceutical composition 
comprising a taxane, a carrier, a co-solubilizer and a stabilizer. 
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